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(54) BLANK FOR PHASE SHIFT MASK AND PHASE SHIFT MASK AS 
THEREOF 

(57)Abstract: 

PURPOSE: To prevent the charge-up phenomenon by electron 
beams by providing a light shielding layer consisting of 
chromium, etc., on shifter patterns, applying a resist thereon 
and subjecting the resist to superposition plotting. 
CONSTITUTION: Glass, such as quartz glass or low-expansion 
glass, which is less strained in position, is used for a 
transparent supporting substrate 1 . An etching stopper layer 2 
is provided in order to stop the etching of the shifter layer 
before the substrate is etched. Further, Si02 or org. high 
polymer or the like is used for the shifter layer 3. A conductive 
layer 4 is provided under the resist layer 5 in order to prevent 
the charge-up at the time of the plotting by the electron 
beams. The light shielding layer 7 is then provided in order to 
form light shielding patterns and the resist 8 for patterning of 
the light shielding layer 7 is applied thereon. The conductive 
light shielding layer 7 existing under the resist is grounded in 
such a case, by which the charge-up phenomenon is prevented 
even if the shifter layer 3 has an insulating characteristic. 
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* NOTICES * 

JPO and NCXPZ are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The blank for phase shift masks characterized by preparing an etching stopper layer, a shifter 
layer, and a conductive layer one by one on a transparence support substrate, 

[Claim 2] The blank for phase shift masks according to claim 1 characterized by preparing the resist layer 
for pattern formation ftirther on said conductive layer. 

[Claim 3] The phase shift mask characterized by having the part which carried out sequential formation of 
an etching stopper layer and the shifter layer pattern on the transparence support substrate by carrying out 
patteming of the blank for phase shift masks of a publication to claims 1 and 2. 

[Claim 4] The phase shift mask characterized by having the part which formed the shifter layer pattern in 
claims 1 and 2 using the blank for phase shift masks of a publication, and carried out sequential formation of 
the protection- from-light layer pattern further. 

[Claim 5] The phase shift mask characterized by the part which carried out sequential formation of an 
etching stopper layer, a shifter layer pattern, and the protection-from-light layer pattern, and an etching 
stopper layer and the part which carried out sequential formation of the shifter layer pattern existing on one 
transparence support substrate by carrying out patteming of the blank for phase shift masks of a publication 
to claims 1 and 2. 

[Claim 6] The manufacture approach of the phase shift mask characterized by forming an etching stopper 
layer and a shifter layer pattern, preparing a protection-firom-light layer continuously, and forming a 
protection-fi-om-light layer pattern on a transparence support substrate by carrying out patteming of the 
blank for phase shift masks which prepared the etching stopper layer, the shifter layer, the conductive layer, 
and the resist layer for pattern formation on the transparence support substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach at the phase shift mask of the 
Levenson mold (frequency modulation mold) used for an exposure process among the production processes 
of semi-conductors, such as LSI and ULSI, and a chromium loess mold (shifter protection-from-light mold), 
and the blank list for phase shift masks. 
[0002] 

[Description of the Prior Art] Although detailed-ization of the pattern on the photo mask used for the 
production process of semi-conductors, such as LSI and ULSI, had progressed, even if it used the light 
source of the same wavelength, invention of the photo mask (phase shift mask) used for the phase shift 
method for the ability to aim at improvement in resolution and it was announced by JP,57-62052,A (JP,62- 
5081 1,B). Moreover, various approaches are indicated by JP,2-247647,A, JP,2- 140743, A, JP,2-21 1450,A, 
etc. about the manufacture approach of a phase shift mask. 

[0003] The manufacture approach of the conventional phase shift mask is shown in drawing 13 R> 3. Form 
the protection-from-light layers 7, such as chromium, on the transparence support substrate 1 as shown in 
drawing 13 (a), and patterning by the usual lithography method is performed. After forming the pattern from 
which the protection-from-light layer 7 was removed selectively (refer to drawing 13 (b)) and forming the 
shifter layer 3 on it (refer to drawing 1 3 (c)), if patterning of a shifter is performed by the lithography 
method, a phase shift mask as shown in drawing 13 (d) will be completed. 
[0004] 

[Problem(s) to be Solved by the Invention] In the production process of a phase shift mask, the 
superposition process of a light-shielding film pattern and a shifter layer pattern is important. By the 
manufacture approach of the conventional phase shift mask, the resist is formed on the shifter layer in the 
case of superposition drawing for shifter pattern formation. A shifter layer usually Since it was formed with" 
insulators, such as silicon oxide and a giant-molecule polymer, the phenomenon in which caused a charge- 
up (electrification) phenomenon, without the ability for the electron which carried out incidence not to 
conduct and spreading it in a resist, and a normal pattern was not drawn occurred, and superposition 
drawing did not work. 

[0005] In order to prevent this phenomenon, the approach given in JP,2-21 1450,A has added the process 
which forms a conductive layer on a protection-from-light layer pattern in the middle of a process. 
Moreover, in the JP,2- 140743, A publication, the approach of forming the conductive layer in the topmost 
part of a blank beforehand is taken. However, by these approaches, a conductive layer will be anew prepared 
for charge-up phenomenon prevention, and there is a trouble that a process becomes complicated. 
[0006] Furthermore, when etching a shifter layer by dry etching, since the etching terminal point of a shifter 
layer was unclear, there was a trouble that a transparence substrate will be etched, across the etching 
terminal point of a shifter layer. 
[0007] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, in this invention, 
the shifter pattem was formed first, the protection-from-light layer which consists of chromium etc. on a 
shifter pattem next was prepared, the manufacture approach of having applied a resist on this protection- 
from-light layer, and performing superposition drawing was considered, and the blank for exposure masks 
required for manufacture was invented. 
[0008] 

[Function] If a protection-from-light layer is prepared at an intermediate process using the blank for phase 
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shift masks of this invention, since the layer for protection- from-light patterns has conductivity, the charge- 
up phenomenon by the electron ray in the case of superposition drawing can be prevented, and drawing can 
carry out to high degree of accuracy. Moreover, an etching stopper layer regulates the etching terminal point 
of a shifter layer. For this reason, the Levenson mold phase shift mask in which the detailed pattem was 
formed can produce easily. 

[0009] Moreover, the phase shift mask called the so-called chromium loess mold which there is no 
protection-from-light layer and uses the edge part of the pattem by the shifter layer, or a shifter protection- 
from-light mold is also producible by using the blank for phase masks of this invention. The phase shift 
mask with which the Levenson mold phase shift mask part which furthermore has a protection-from-light 
layer, and a chromium loess mold phase shift mask part without a protection-from-light layer live together 
can also be manufactured. 

[0010] Drawing 1 - drawing 12 are used below, and the manufacture approach of the phase shift mask from 
the blank for phase shift masks of this invention is stated to a detail. In addition, this invention is not limited 
by these drawings. 

[001 1] Drawing 1 is a blank for phase shift masks to be used. Glass with little location distortion, such as 
quartz glass and low thermal expansion glass, is used for the transparence support substrate 1 . It has 
prepared in order to stop the etching stopper layer 2, without etching of a shifter layer attaining to a 
substrate, and it is required for transparency to be able to take sufficient high selection ratio on the occasion 
of etching of a shifter layer. As an example, an alumina (aluminum 203), a magnesia spinel (MgAl 204), a 
zirconia (Zr02), etc. are mentioned. 

[0012] In order only for the specified quantity to shift the phase of light for the phase of the light which 
carried out incidence by the difference in a refractive index, suitable thickness is required for the shifter 
layer 3. In the shifter layer 3, it is Si02. Or an organic macromolecule etc, can be used. It is determined with 
the refractive index of the thickness of a shifter layer, and the ingredient of a shifter layer, for example, the 
amount of phase shifts is Si02. When it uses, the light source of i line (wavelength of 365nm) is used and 
the amount of phase shifts is made into 1 80 degrees, the thickness of a shifter layer is set to about 390nm. 
[0013] In this invention, the resist layer 5 for pattem formation is used for a mask at the time of patteming 
of the lower layer shifter layer 3 and a conductive layer 4. Drawing 1 shows the case where an electron 
beam resist is used, and in order to prevent the charge up in the case of drawing by the electron ray, it forms 
a conductive layer 4 in the bottom of a resist. Drawing by electron beam irradiation 6 is combined with 
drawing 1 , and it is shown. Moreover, although the resist shows the positive resist, even if it uses negative 
resist, it can form the same pattem only by changing the drawing part of an electron ray. In addition, the 
activity of the resist of optical photosensitivity is also possible to patteming of a shifter layer. 
[0014] Drawing 2 performs resist development and shows the condition of the mask after etching a 
conductive layer 4. Although drawing 2 shows the case where it is the resist of the positive type which the 
part equivalent to which the electron ray was dissolves, it becomes the same process even if it uses the resist 
of the negative mold which the part equivalent to which the electron ray was hardens. 
[0015] Then, it etches by using the pattem of a resist as a mask, a shifter layer — Si02 etc. — when an 
inorganic substance is used, the shifter layer 3 can be etched by the dry etching methods, such as reactive 
ion etching. Moreover, when an organic high molecular compound is used for the shifter layer 3, wet 
etching can be carried out using an organic solvent or an alkali solution. The mask after etching is shown in 
drawing 3 . 

[0016] Drawing 4 shows the mask which carried out fiilling of the pattem and conductive layer 4 of a resist 
which were used as the mask, and ended formation of the shifter layer 3. 

[0017] Next, in order to form a protection-from-light pattem, the protection-from-light layer 7 is formed, the 
resist 8 for patteming of a protection-from-Ught layer is applied, and it becomes drawing 5 . The protection- 
from-light layer 7 is film which uses a metal as a principal component, and is formed by the thin film 
formation approaches usually used, such as sputtering. 

[0018] In drawing 5 , it is drawing with the electron ray. Even if the shifter layer 3 is insulation in this 
process by grounding the conductive protection-from-light layer 7 which is in the lower layer of a resist in 
this invention, a charge-up phenomenon does not happen but accurate drawing can be performed. Although 
drawing 5 shows the case where it is the resist of the positive type which the part equivalent to which the 
electron ray was dissolves, the same process can be used even if it uses the resist of the negative mold which 
the part equivalent to which the electron ray was hardens. The mask after the development of a resist 8 is 
shown in drawing 6 . 

[0019] Next, the resist pattem of drawing 6 is used as a mask, patteming of the protection-from-light layer 7 
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is carried out by etching, and the mask of drawing 7 is obtained. Etching can also carry out wet etching 
using the solution for corrosion which can etch a metal membrane, using dry etching, such as reactive ion 
etching. 

[0020] Frilling of the resist is carried out to the last, and the phase shift mask of drawing 8 can be formed. 
[0021] In the above process, the so-called chromium loess mold phase shift mask without a protection-from- 
light layer can be formed at the process to drawing 4 . 

[0022] Moreover, the phase shift mask which has simultaneously the Levenson mold phase shift mask part 
which has the chromium loess mold phase shift mask part and protection-from-light layer which do not have 
a protection-fi"om-light layer by using the process of drawing 9 to drawing 12 R> 2, and a shifter layer on 
one mask for exposure is producible instead of drawing 8 from drawing 5 . 

[0023] In drawing 9 , in order to form a protection-from-light pattern, the protection-from-light layer 7 is 
formed, and the resist 8 for patterning of a protection-from-light layer is applied. Drawing 9 also shows 
exposure by the electron ray. Although drawing 9 R> 9 shows the case where it is the resist of the positive 
type which the part equivalent to which the electron ray was dissolves, even if it uses the resist of the 
negative mold which the part equivalent to which the electron ray was hardens, the same process can be 
used only by changing the drawing parts of a drawing part and a non-drawing part by the electron ray. 
[0024] The mask after the development of a resist 8 is shown in drawing 10 . 

[0025] Next, the resist pattem of drawing 10 is used as a mask, patteming of the protection-from-light layer 
7 is carried out by etching, and the mask of drawing 1 1 R> 1 is obtained. 

[0026] Frilling of the resist is carried out to the last, and the phase shift mask of drawing 12 can be formed. 
The phase shift mask with which the transparency part of li^t, the phase shift mask part 9 of the Levenson 
mold which has the shifter layer 3 in the lower layer of a protection-from-light part, and the chromium loess 
mold phase shift mask part 10 of only a phase-shifter layer exist on one transparence support substrate in the 
phase shift mask of drawing 12 is producible. 
[0027] 

[Example] One example of this invention is shown below. This example is one example about the phase 
shift mask which uses i line (wavelength of 365nm) for the photolithography made into the light source for 
exposure. 

[0028] It is aluminum 203 as an etching stopper layer on quartz glass. It formed in the thickness of about 
20nm by the spatter. Then, it is Si02 as a shifter layer. Membranes were formed in thickness of 390nm by 
the spatter. In order to acquire the conductivity for electron beam lithography, the metal tantalum was 
formed by the spatter in thickness of about 5nm. The spin coat of the negative-mold electron beam resist 
(SHIPUREI microelectronics company make, trade name SAL-601ER7) was carried out to the thickness of 
1 micrometer as a resist for finally using for the pattem formation of a shifter layer, and predetermined 
baking was performed. 

[0029] Then, raster scan mold electron-beam-lithography equipment is used, and it is C/cm2 the dose of 
about 2.5micro at the acceleration voltage of lOkV. The part which forms the pattem for shifters on 
conditions was drawn, negatives were developed with the developer of dedication, and the resist pattem was 
formed. Then, wet etching of the tantalimi of a conductive layer was carried out 30% by the sodium- 
hydroxide water solution and 10:1 mixed liquor of hydrogen peroxide solution, and the resist pattem for 
shifter layer etching was formed. 

[0030] Next, a resist pattem is used as a mask and it is C two F6 by reactive ion etching. H2 The power of 
300W performed etching for 15 minutes on 10:1 mixed-gas conditions, and the shifter pattem was formed. 
Then, the mask which carried out frilling of the conductive layer to the resist, and formed the shifter pattem 
was produced. 

[0031] Next, the protection-from-light layer formed chromium by the sputtering method on the shifter 
pattem at the thickness of about lOOnm. Then, the coat of the positive type electron beam resist (the Chisso 
Corp. make, a trade name PBS) is carried out to the thickness of 500nm on a protection-from-light layer, 
and it is dose C/cm2 of about 2micro at the acceleration voltage of lOkV. When it drew according to 
conditions, in order that a chromium layer might play the role of a conductive layer, the charge-up 
phenomenon was not able to happen, could draw the normal pattem, and has drawn the pattem in the normal 
location. 

[0032] Negatives were developed with the developer of dedication of a resist, and after predetermined 
baking and DISUKAMU, wet etching of the chromium was carried out with the etching reagent which uses 
cerium-nitrate ammonium as a principal component by using a resist pattem as a mask, and the protection- 
from-light layer pattem was formed. 
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[0033] The frilling liquid of dedication removed the resist at the last. The phase shift mask was producible 

with the above process. 

[0034] 

[Effect of the Invention] In the manufacture approach of the phase shift mask of this invention, since a 
conductive light-shielding film is formed on a shifter layer in the middle of a process, the charge-up 
phenomenon in the electron beam lithography of the following process can be prevented. Thus, in order to 
use a light-shielding film as a conductive layer, there is no need of forming a conductive layer anew, and a 
process becomes easy. 

[0035] Furthermore, since it is also possible to inspect only in the state of a shifter in order to form a shifter 
layer previously, defective inspection of a shifter layer becomes easy. 

[0036] Moreover, production of the phase shift mask with which production of the chromium loess mold 
phase shift mask only by the phase-shifter pattem, and the Levenson mold phase shift mask part and a 
chromium loess mold phase shift mask part exist on one mask is attained besides the Levenson mold phase 
shift mask formed with the phase-shifter pattem and the protection-from-Hght layer pattem using the same 
process and the same blank. 
[0037] 

[Translation done.] 
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* NOTICES * 

JPO and NCIPZ are not responsible £or any 
damages caused by tbe use o£ this tretnslation • 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 9] 
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[Drawing 12] 




[Drawing n] 



(a) 



(c) 



(d) 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



12/29/2005 



